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S1 The proofs of Lemmas, Theorems and Propositions etc.

Proof of Lemma 1. (1) When D > S, m(Q;) can be expressed as m(Q;) = ma())({piS—
piz

&(a; — bp; — S)}. The manufacturer's profit increases with p;, and we have that p; =
(a; —S)/b. 2) When D < S, m(Q;) can be expressed as m(Q;) = maé({pl-(ai — bp)},
piz

9%m/ dp? < 0. By the first-order condition p; = a;/2b,D < S is equivalent to S > a;/2.

Proof of Lemma 2. (1) When Q,; > 4;, the manufacturer's problem can be formulated as

aiz aiz 1 H
eri%zi);o {6 (E —wy;0Qq; — WZini) +(1-09) (E - Wzini)}. The manufacturer's profit de-

creases with Q,;; therefore, Q,; < A4;.

(2) When Q,; < A;,Qq; + Qz; > A;, the manufacturer's problem can be formulated

2 0
as %ax>0 {9 (Z—; —wy;0Qq; — Wzini) +(1-0) (a‘TQZL Qqi — WZini)} . The manufacturer's
108217

profit decreases with Qy;; therefore, Q1 + 0, < A,

(3) When Q,; < A;,Q4; + @,; < A;, the manufacturer's problem can be formulated as

max {9 [@ (Q1i + Q2i) — w10y — Wzini] +(1-06) (ai_TQZi Qzi — WZiQZi)} - The

Q1i,Q2i=0
20 206
Hessian matrix H = zbe 12’ is negative definite, and there are extreme values. From
b b

a;—bw;-2Qy; a;—bw;—204;6

the first-order condition, Q,; = and Q,; = , and solving the quad-
. . .. . ~  _ bwy—bwy A a;—0a;+bOw;—bw,
ratic equation by association yields Q;; = ETECR and Q,; = —ase

Proof of Theorem 1. We prove Theorem 1 by drawing on the proof procedure by Shan et
al. [19]. According to Lemma 2, the decision plane is divided into three regions (see Figure
S1): wy; < wy; < (a; —0a; + bOwy) /b, wy; <wy;, and wy; = (a; — 0a; + bOwy;)/b. As
shown in Figure S1, Region D is the interval for dual-sourcing, and S(1) and S(2) are the
intervals for single-sourcing. First, we solve the problem of Supplier 1.

(1) When wy; < wy; < (a; — 8a; + b8wy;)/b, Supplier 1's problem can be formulated
bwai—bw,;

2(1=9) } By the first-order condition, wy; = wy;/2;

as follows: max {WliB
Wii

(2) When wy,; < wy;,0y; = 0, Supplier 1 sets wholesale price: wy; = (a; + bc,)/2b;
(3) When wy,; = (a; — 0a; + b6w,;)/b, max {wll-e %} By the first-order condi-
Wii

tion, wy; = a;/2b.
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Figure S1. The decision plane.

We denote the intersection of wy; = wy;/2 and wy; = (a; — 0a; + bOwy;)/b as

_a;j—fq; _ 2(a;-6ay) a; .
(w,wi),wi = m, and wy; = ﬁ, so wi < ;. The reaction curve of wy; about
w,; is given in the following:

2a;(1-6)
< i
(1) When c, < b(2-0)
Wy; 2(a; — 0ay)
—, G Swy < ——————,
2 TR b(2-6)
bWZi —a; + Qai Z(G,l' - Hai) (2 — Q)ai
Wli = ) —= WZi < - 5L
bo b(2—-6) 2b
a; S Z—-0)a
- W, > ———,
2b 2 2b
2a;(1-6) (2-0)a;
< X%
(2) When 0 <e =
bWzi —Qa; + Hai (2 - H)ai
—_——, S Wy < ——,
W = b T 2b
1 a; - (2-0)q
—, Wy = ————.
2b 2 2b
2=0a; =~ _ a
(3) When ¢, > o Wi T o
The reaction curve of wy; with respect to w,; when ¢, < ZZ(i;l_;g) is shown in the
following.
wy
ﬂ
b A
s S
/ sy !
0 ;’ é W
b
Figure S2. The reaction curve of wy; with respect to wy; when ¢, < 2:(1-21_—63).

Next, we solve the problem of Supplier 2.
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(1) When wy; < wy; < (a; — 8a; + b8wy;)/b, Supplier 2's problem can be formulated
a;j—6a;+bOwq;—bwy;

201=9) } By the first-order condition, wy; =

as follows: max{(wzi —c)
Wai

ai—8a;j+bcy+bOwy;
2b !
(2) When w,; < wy;, Supplier 2's problem can be formulated as follows: max {(Wzl- -
W2i
aj—bwy; _ ai+bcr_
cr) T}’ 20 = T,
(3) When wy; = (a; — 0a; + bOwy;)/b, Supplier 2 sets the wholesale price: wy; = c;..

a;—0aj+bcr+bOwy; a;—6a;+bOwq;

We denote the intersection of w,; = P and wy; = >
(wh,wk), wh= W , and wj}, =c,; we denote the intersection of w,; =
—ai_eai+zzr+bewli and wy; = wy; as (Wf;, ws,),wf; = —ai;f;i;nr, and w§; = —ai;?;_i;;’cr, and we
have ¢, <w§; < ai;scr. The reaction curve of w,; with respect to wy; is given in the fol-
lowing (see Figure S3).

Wa W2

a;

b

. S(2)

. S(2)

ai—Bai ai—eai

(a) 0<c, < -

®) ¢, >

Figure S3. The reaction curve of w,; with respect to wy; for different values of c,.

ai—eai

(1)When0<chT,
a; —0a; + bc, + bOwy; a; —0a; + bc
e e LR e
a; —0a; + bc, a; + bc,
Wy = wy;, - T <w; <———",
27 W b2-6) - HST2p
a; + be, W_>ai+bcr
2b ] 1i = zb .
(2) When c,.>%9m,
fa; + bc, — q;
Cr» 05W1i<$’
a; —0a; + bc, + bOwy; Bai+bcr—ai<w.<ai—6ai+bcr
2b b ST be-6e)
Wai = 9 a; —08a; + bc, a; + be,
i Tbez-6) ST
a; + be, W.>ai+bcr
2b T2
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max
Q1i,Q2i=0

el

In summary, based on the response curves of wy; and wy;, by intersecting the re-
sponse curves, we obtain the unique Nash equilibrium of the wholesale price with respon-
sive pricing when the manufacturer shares information, i.e., (W&°,w5®). In addition,
when aq; < a,/a; < 2/(2 — 6), this satisfies (2 — 0)ay/2b < a;/b.

Proof of Theorem 2. When the manufacturer does not share information, the two suppli-
ers only have the prior distribution of the demand potential, i.e., a; = (1/2)ay, + (1/2)a,,
and they obtain a unique Nash equilibrium based on this prior distribution. The proof

procedure is similar to that for Theorem 1.

Proof of Corollary 2. This can be proved by comparing the relationship between the mag-

nitudes of W&" and (a; — 6a; + bOWSY)/b when a; = a;, and a; = a;.

Proof of Lemma 3. (1) When @Q,; > D, the manufacturer's problem can be formulated as

0 .IQn?);.>O{9[pi(ai = bp;) — w1 Qi — w2 Q] + (1 — 0)[pi(a; — bp;) — wz;Q21}. The manu-
108 20HIZ

facturer's profit decreases with Q,;, Q. <D.
(2) When Q,; <D, Qy; + Q,; > D, the manufacturer's problem can be formulated as

0 .rQn?);.>0{9[pi(ai —bp;) — w1 Qi — w2iQxl + (1 — 0)(piQ2; — w2Q2)} . The manufactur-
108 20HIZ

er's profit decreases with Q;, Qy; + Q5 < D.
(3) When Q,; <D, Qy; + Q,; < D, the manufacturer's problem can be formulated as

0 .gl%lgm{e[l’i(Qu + Qi) = wy; Q1 — wyiQqi] + (1 — 0)(p; Q2 — w2;Q2:)}. The manufactur-
108 20HZ

er's profit decreases with p;, so p; = (a; — Qy; — Q4;)/b.
Substituting p; into Equation (7) yields

a; — Q1; — Qy; — Q1 — Qy
f(Qu + Q2i) — w1 Qq — wp Qg [ + (1 —0) —in — Wy Qy;
_2 146
The Hessian matrix H =| | f: 0 , | is not negative definite and has no extreme
b b
0 Ql' > a;—bwy;
. ey . A ’ t 1+ ’
values. The first-order condition on Q,; yields Q,; = a;=Q1i=0Q1i—bwy; 0y < aj—bwy;
2 PRl = 449
b 0.
(1) When Qq; > % the manufacturer's problem is éna% {9 (a‘TQ“ Qi — wlini)};
1i>
= a; bwl fa;—a;+2bwy;
therefore, Q,; = — L Q> " 9 is equivalent to wy; < W
b . .
(2) When Q; < % , the manufacturer's problem is
—0.:)2 —04i=2bW1:)200+:i—=2bwo:i(ai—04; bwoi+6004:)? . .
5113)6 {(al Q1)°+(a;—Qq; W1i) Qi; wyi(ai=Q1i)+(bwy;+6Q4;) } It is known that the pI'Oflt func-
1i>

tion is a convex function with respect to Q,;. The optimal profit is obtained only at the
d*mm(Qy) _ (1-6)%

. . . a;j—bw,; .
two endpoints of the interval, i.e. ;=0 or Q; = —2. Since >0,
o endpoints o ,ie., Qu or @ =—,-5 1z, b
dmp(Q1) 0aj—aj+bwyi+bbwy; dmpy(Qq;)

is monotonically increasing. When wy; < is greater than

dQy; 2b6 7 dQy;

Oat Q; =0, and my(Qy;) is monotonically increasing. The profit function takes its maxi-
Ba;—a;+2bwy;  dmy(Q1i)
b+b6 7 dQy;

a;— bw21

" . When wy; >

mum value at Qy; = is less than 0 at Qq; =
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i—bwyi . . . . . . .
%, and 1, (Q4;) is monotonically decreasing. The profit function takes its maximum

Oa;—a;+bw,;+bOw,; Oa;—a;+2bwy;
2b6 ’ b+b8

a;—bwy; —
{—L 0 owy < wy,

value at Q; = 0. Thus, there exists a wy; E[ ] such that

aj—bwy; ~
Ty (0) = 1y (‘17921), and we have Qy; ={ 1+6 o
’ Wli 2 Wli'
Oa;—a;+2bwy;

b+b8 and Qy; =

Combining (1) and (2) shows that Q;; =0 when wy; >

aj—bwq; Ba;j—a;+2bwy;

when wy; < wy;. When wy; < wy; < e Ve need to compare the sizes of

my(0) and my (%) to determine the equilibrium decision for that interval.

Let f(wy;) = my(0) — Ty (%) . Ty (%) > Ty (%) when w;; <wy; <

Ba;—a;+2bwy; — df(wq; aj—bwq; . . ..
#@2‘, so f(wy;) < 0.% = ‘T“B >0, and f(wy;) increases with wy;. This is
1i

Oa;j—a;+2bwy; aj—bwyq; a;—bwy;
because @ when —w;; =—-*1-—-2 T (‘—“) =7 (‘—2‘) <m0 SO
1i b+b0 7 M 2 M 1+6 ( ) 7

Ba;—a;+2bwy;

f (Gai—ai+2bw2i
b+b6

) > 0. Hence, there exists w;; € (v_vli,
b+b0

) such that f(w;;) =0.

a;—bwy;

When wy; > Wy;, Qp; = 0; when wy; < Wy;, Q; = 2

In summary, the manufacturer's equilibrium purchasing decision from Supplier 1 is

ai—bws; ~
61: = {T’Wli S Wli’
¢ - ~
0; Wli > Wll"
w Voai—aitbwy; a . ~
Due to @y, = “22%00 when 0 < wy; < ;l(l —+/6), we have w;; <0, Q,; =0;
a;—bwq R
a; a; ~ azbws <
when j(l—\/a)<wzi<g‘,wehave Q1i={ o Wi n
0; Wli > Wll"

Proof of Theorem 3. The proof of Theorem 3 proceeds similarly to that of Theorem 1.
Proof of Theorem 4. The proof of Theorem 4 proceeds similarly to that of Theorem 2.

Proof of Corollary 3. Similarly to the proof process for Corollary 2, the proof can be ob-
tained by comparing the magnitude relationships between W{" and a;(1 —+8)/b, WV,
and W;; when a; = a, and a; = a; are present.

4-46+62 2

Proof of Proposition 1. When 1 < £ < min {—,—}, CRS < CFS. Thus, the manufac-
a 4-40 '2-9

turer's expected profit with the RS strategy for different values of c, is as follows. For

_ (a+50)(af+af)-2b(4+8)(ap+acy bcZ(4—30)

0<c, <CRS TIBS = .For CRS < ¢, < CES, TIBS =
r = G, 8b(2-6)2 + 2a-6)2(1-6) 11 r = G, Hy
(4+50)ai—2b(4+0)apcy |, bc2(16+602-200-603) | a?-2bajcy E =RS ARS ~ps
or (R <c . <C Iy =
8b(4—6)2 86(4—0)2(1-0) 8bo 1h = M
(ah—bcr)2+(al—bcr)2 F C';RS < < C';RS ﬁRS _ (ah—bcr)z + ﬂ F > C';RS ﬁRS _ 9([1}21+alz)
8bo SHOr G S 6 = Cans M = gy 32p° O Cr 1hs M 7 3pp

Similarly, the expected profit with the RN strategy is as follows. For 0 < ¢, <
A-6)[(6-6)a;—-(2-0)an

1 RN — bcrz(4—39)—(1—9)(4+9)(ah+al)cr+ (20-30+62)(ai+af)-2(12-0)(1-0)apa;
2b(2-8) s M 4(4-6)2(1-6) 16b(4—6)2 )
1-0)[(6—8)a;—(2-0)ap] RN TRN _ bcF(4-20-6%)  (12-26+6%)apc,—(4-106+6Hascy
For 2b(2-8) < =G My = 8(4—0)2(1-6) 8(4—6)2 +

(36+20-36%+03%)aZ—-2(1-0)(12+60—-02)apa;+(4+420-1162+6%)af
32b(4-6)2

_For CRV < ¢, < CFV; TIEN =
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(2+6+02)(ai+af)+2apa;(2—-0-602) | bck—cr(ap+ay)

A 4ap—-30ap+0a; =
.For CRN < ¢, < ——=—"h"""L TIRN =

32b6 46 4b
(16-146-02)a?+(100-96%)a? n 16b2c2-8bOajcy—(4—60)0apa;—8b(4—360)apcy For c. > 4ap-360ap+0q;
128b(1-6) 128b(1-6) ’ r 4b 4

ﬁRN _ G(Saﬁ—GahaﬁSalz)
M 64b )

Proposition 1 is then obtained by comparing the sizes of T5° and TV in each in-

terval.

Proof of Proposition 2. The manufacturer's expected profit with the CS strategy is as fol-

a ~ (ap—=bcy)?+(a;—bcy)? a
lows. When 0<CrS?l(1—\/§), ng =~ 32bl . When 71(1—\/5)<ch

~ - 240a? _ 2,2
& (1~ @), I = @20 When & (1-VE) < ¢, <%, TG = 2D,

The manufacturer's expected profit with the CN strategy is as follows. When 0 <

ap+a ~ a;-3ap+2bcy)?+8vV0a;(ap—2V0ay+a;—2bc
c S( ntap (1 _\/5), ficy _ (a—3ap T) 1(@n nta r). When
T 2b M 128b

(apta) ra @—VO)(an+ta) w=cN _ 9(ah—3az)2+[(2+\/§)ah—(2—\/5)al]2
—n (1 \/5) <G s ' = 260 . When ¢, >
(2—V0)(an+ay) fiey — 6(ap—3ap?+16(ap—bcr)?

4b M 128b )

Proposition 2 is then obtained by comparing the sizes of 11§ and [I§¥ for each in-

terval.



